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(( What is Veritrek?

REDUCED-ORDER MODELING TO ENHANCE THERMAL DESKTOP®

Creation Tool
e {(Exploration Tool

Select Thermal
Model

STEP 2

Convert to reduced-
order model. |

1000s of results in seconds.

@REDWlREVER"REK( Www.Veritrek.com 2
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Why Veritrek?

MORE INFORMATION LEADS TO BETTER SOLUTIONS

30
R34 '
4 300+ H

§
¥ 509

Powerful

Minutes to hours/simulation g

Worst-case analyses i,

XI?.A(’!URF}'AHS.,‘E?
\

STRUCTURE Tag,35
T

0 Panosg 5y

LT

”D“mﬁi;wvis‘

£

VERITREK(

1000s of simulations in seconds
Expanded analysis

Improved understanding
3
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A statistical emulator

* Intelligent sampling
* Robust data fitting

Veritrek provides

* Multiple input factors
o Most to date is 33

* Multiple output responses

o Most to date is 91

(@)Rrepwire VERITREK

W

W

W L]

y (Output Response)
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|
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Reduced-Order :
Model
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Select number of :
samples |
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s I S O Unknown
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|
20 b------ ] Multiple Input
. Factors
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X (Input Factor)
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What is a ROM?

ACCURATE SURROGATE OF A HIGH-FIDELITY MODEL




When can you use Veritrek?

Early Design MULTIPLE AREAS OF A DESIGN LIFE CYCLE
Trade studies

Detailed Design
Sensitivity Studies

Momentus

AI&T
s [ T e Model Correlation

KEEP OUT ZONE

___Detailed Design
Design Optimization

= Max Batlery Temp (€]
Wy

CHOSEN BEST! |
SOLUTION

Final Design
Design Verification

@REDWlREVER"REK( Www.Veritrek.com 5
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(( How to build a ROM

VERITREK CREATION TOOL

Thermal Desktop® @

N (Creation Tool
P ROM Seiup Generate training data

and Perform data-fit

Import symbols,

Determine ROM

accuracy
PCB5.1 Maximum Temperature

registers, nodes,

case sets, etc.

-1.00

ROM Cre

6 8 10

Create training runs

ation

ROM Prediction Result

Measured Thermal Desktop® Model Result

ROM Testing

()repwire VERITREK( Www.Veritrek.com 7



(( Demo

VERITREK CREATION TOOL

Please don’t hesitate to ask questions.

@REDWlREVER"REK( Www.Veritrek.com 8



(( How to use a ROM

VERITREK EXPLORATION TOOL

(c,-euﬁon Tool (Explorulion Tool

ROMI ROM2 Multiple ROMs and Sensitivity;ff

= ‘ analyses session St
=t Sl — - management o,

Import multiple ROMs into the
Exploration Tool

Uncertainty
Quantification

Point Analysis

Run final

solution

Thermal Desktop® @

@REDWlREVER"REK( www.Veritrek.com 9




(( Demo

VERITREK EXPLORATION TOOL

Please don’t hesitate to ask questions.

@REDWlREVER"REK( Www.Veritrek.com 10
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NEW FEATURES
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(( In case you missed it in Veritrek v4.0

New ROM Parallelization Feature New Model Correlation Feature

* Reduce the time it takes to create a e Quickly find multiple solutions in an
ROM automated and repeatable manner
MULTIPLE VIABLE SOLUTIONS
MULTIPLE INSTANCES OF ROM OUTPUTS ” #
THERMAL DESKTOP AND VERITREK

SINGLE ROM

'\ CHOOSE THE
\\ BEST OPTION

L‘
'—
i

CORRELATED
THERMAL MODEL

WY

VERITREK(

QUICKLY COMPARE
THOUSANDS OF TIMES

UMNCERTAIN
INPUTS
—\

REAL DATA FROM
THERMAL TEST OR FLIGHT

@REDWlREVER"REK( Www.Veritrek.com 12



In case you missed it in Veritrek v4.1

Compatibility with Thermal Desktop 6.2

Max Temperature Gradient of a Node Group has been added as an output
response

«

File Help

ROM File Summary
ROM Name 20211111 - VeritrekCT DemoA

Location C:\Users\jacob.moulfon\Deskfop\Veriirek\VeritrekCT_demoA\20211111 - VeritrekCT DemoA
Model Name C:\Users\jacob.moulton\Deskiop\Veritrek\VeritrekCT_demoA\VeritrekCT_demoA TD 6_2.dwg

‘ Model Selection Model Output Output Requests
| Nodes Temperature Max

Inputs
i _ | ANTENNA Include?  Group ¢ S Minimum Mean Maximum Gradient
' b =] 0 0 [uf

i :32 INSULATION LI BAIL Nedes
| PAYLOAD SVTENA
| PAYLOAD_INSULATION BUS

_| RADIATOR BUS_INSULATION

] SOLAR_ARRAY_MINUS_Y PAYLOAD

] SOLAR_ARRAY_POSITIVE_Y PAYLOAD_INSULATION

RADIATOR
SOLAR_ARRAY MINUS Y
SOLAR_ARRAY_POSITIVE_Y
Payload Housing

Include?  Register

BoundaryNode Q
= Q_LIN
O Q_RAD
Q. T1oT
O RadiatorHeaiDissipation

. == = 931 AM
[ O Type here to search =] 3 7 @ sFsunny A B e m T 11/11«"2\027 [

@REDWlREVER"REl« Www.Veritrek.com 13




In case you missed it in Veritrek v4.2

Uncertainty Quantification Feature

* Make statistically based conclusions about the uncertainty of a model

Understand the statistical impact of your model’s uncertainty, based on thousands of data points

SINGLE QUTPUT
VALUE

ONE POSSIBLE SET
OF INPUT VALUES,
UNCERTAIN

T
o

MULTIPLE INPUTS
WITH A RANGE OF
POS5IBLE VALUES

HISTOGRAM OF ALL
POTENTIAL OUTPUT VALUES

" Nodel Temp= 30"

Run Colors
Hat Lare . Het Shen

o 12

VERITREK(

QUICKLY INVESTIGATE
THOUSANDS OF POSSIBLE L
DESIGN POINTS |
- 1

T T

)

@Al 47 4 AR A8 5D
Pagtoadd Honsing Group TMss[---]

STATISTICALLY SIGNIFICANT
MOST-LIKELY VALUE

ANOTHER POS55IBLE
SET OF INPUT VALUES

Model_Temp = 32° 7
A DIFFERENT
OUTPUT VALUE
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(@)Rrepwire VERITREK(

WHAT’S NEW IN VERITREK 4.2?

Smart-order of training runs

Updated Test Results and
Data-fitting Time Tracker

{ SOLAR PAMAL T Max - s} =

Data Mot | Hissagram | Gantrols

ROM Prediction Results

WWW.Veritrek.com

SOLAR_PANEL T _Max

120 {idean Res. = 0.065
lstd, Dev. Res = 0416 S
1104 ol
1004 e {{ Tzining Date Fitting >
| s feritrek is now running your training data through our data-fitting
901 P ’-,/' blgorithm. Estimated Time Left = 00:08:00
: o
A0 S
704 S
| L
604 -
504
| Idleal ROM fit
40 - - =~ Thresheld of 3.00
b ® 10 Test Points
o

0 00 10 120
Measured Thermal Desktop ® Model Results
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CASE STUDIES

wWwWw.Veritrek.com
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ATA Engineering: SmallSat Radiators

CUSTOMER SUCCESS STORY
Veritrek enabled optimization of body-mounted radiator sizes

T |
erotuee 101 Tz T EE0 5

10 o PEEN

ATA Pagineéfing, TFAWS 2019 RRUCIENEIE
10 Output Responses

150 « .
L R Orbits  Radl Rad2 Rad3 Rad4 Rad5 Rad6 | 256 training runs (~88 hours)
1305 “‘i’ Cold Case 0.95 0.32 0.33 0.435 0.41 0.25 .
1204} Hot Case 0.95 032 0.33 0.435 041 0.5 PYElec1_Intfc Maximum Temperature
ol . : . : . :
1004t T _max [C]
£ ig: ! Elecl  Elec2 Elec3 Elec4 Elec5 v
g 15711 -8.46 -15.14 7.795 -1.68| &
8 G-t g "
5 1 39.584 31.446 31.614 32.247 35.75| §
o Required Heater Energy [J] & 3 o ”
jg' Heaterl Heater2 Heater3 Heaterd Heaters| © .| .7
10 , {1 SRRSO INE S SR O (. S 32.41 32.663 12.078 39.276 2.82 o T I SN N N S S -
U B L s e e ) e i i e i 0 0 0 0 0 ' | . '
0 8 16 24 32 40 48 56 64 72 80 88 96 104 112120 130 Test Temperature
NY_Elec_Intfc T_max [C]
E:i Point Analysis Test Results
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(( Momentus: Vigoride

CUSTOMER SUCCESS STORY

Veritrek provided insight into confident design decisions

I 75.00
| 69.50

Veritrek helped close
. T e
the thermal design S— o
prior to CDR and ,“‘
{. y . ﬁss.oo
allowed for early \ . |
. . . . 47.50
investigation into future
42.00
mission planning. -
31.00
7 Input Factors B 1 & 2550
28 Output Responses Addg b lar L - i
« . ' ]
212 training runs e ol
\ -/l 75.00
BATTERY T_Max ) \ i IS "
/'G E \ )l/'(- _,I‘. % 64.00
§ E :%5 58.50
& ':2 E :“__’, Iss,oo
c ® 51
-% f ] T 4750
g : : : i . 42.00
a N : : E AT
= T i P 4 B 3
&= IOt UL RO NS S S N 144 100
} : = : i : { : J‘ z . | 3 50
10 18 26 34 42 S b . E
| RARAJ MAMA) RALM RAAAY AR RAAA RAALI RALM MAMAS LRAMI RARAI b 20,00

Measured Thermal Desktop® Model Result Low High
Battery Mounting Conductance [W/C]
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NASA JPL: Mars Helicopter Thermal Design

CUSTOMER SUCCESS STORY

Veritrek enabled evaluation of thermal design sensitivities

6 Input Factors
36 Output Responses
452 training runs (~248 hours)

18,595 1 - T r g
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o 3 @ 5 ] 0 1 ] e . ‘ 3 (s Ideal ROM fit
a w 2 o 2 Il 150y SR . BNl 1 Lo — Threshold of 1
e Y g o v g ] i ¢ L T X e ,"‘,” 144 Test Point
- =) 4 1 1 | 1 1 1 1 1 1 | .‘?‘n"’ L] est Foints
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Screening A

nalysis
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9 4 1 6
0 Measured Thermal Desktop® Model Results
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(( Mars 2020: Ingenuity Helicopter Mission Ops

CUSTOMER SUCCESS STORY
Veritrek enabled instant exploration of thermal response scenarios

8 Input Factors
19 Output Responses
3600 training runs

r l 1 BATTERYHEATER6_ENERGY Max (J)
Orbiter Time window F »
Earth ’ = - — g o
' e 154000 i
Y
DOTE UHF UHF z -
Rover |%| |J_-| 1.Thermal model correlation 2 {‘{f"
%E; ! . ! 2.5olar panel power output E 129000 /
i i predictions p
3.Multiple  Sol sequence 2 /‘:
D Rover-Earth : . S 101000 4
Telecom scenario planning o o
5 Flight @ B friote sk 4.Thermal-power a /
- - " [ 7
% m HBS-Rover predictions and multiple g ,,'r \deal ROM fit
an Comm (RS422) scenario optimization & 79000 ?/ ml:ss:?rld ::: 1?0to
Helicopter MHS y . est Points
P === telecom A Mean Res. = 90.56
Std. Dev. Res. = 1338
Time [ | | | | | 1 | | 54000 &
6:00 9:00 12:00 15:00 18:00 21:.00 24:00 3:00 6:00 54000 79000 104000 129000 154000

Measured Thermal Desktop® Model Results
Test Results
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Ball Aerospace: IRAD

NEW CUSTOMER SUCCESS STORY

Veritrek enabled more in-depth understandlng of the design
“Each ROM creation and correlation effort took 1 to 2 Ambient m

Shroud

days, an effort that would have taken 3 to 4 weeks using (Grey)
traditional guess-and-check approaches.” TFAWS 2021.

N
N e e S S S Rt Y Factorof | Group Factor of ™
O cmese - \\ fencse M| I | M peformance Pe:.fg:rmance \\
o [ = M » Connection to Cryo
— Test_Case_OL R i 0500 0111 Y i
i ME,-S»T;W' Lo L e o L feo 0308 E:;: Ambient to Intermediate | = cooling system
fast_Case_(13 [ FET) 2500 e .
= el | O T A [ £ I o e = Transition Piece
i Case_02 [0 ] [
T | - o oier T T = — ’ v/
induse  Dutput Name Measures Margn +/- Test Cose 01 o L L | L Q308 0474 -
i Datanot I | o - | l_usuel?em e Some elements Intermediate 4
v ineluded [0 Tem_Cave. 01 [ o . Values [ narr hidden for clarity shroud (G
Eor I ] e _Shroud (Green) |
e L
Test_Case 01 [0 034 ;;/ :?4’; ::::
Test_Case_02 nTIs 0344 8
et [ —a—| = e 16 Input Factors
- o T i Sl R -
O coe0 | R e e B P s ) 17 Output Responses
[V Teatnee 08 [—oim = o e b 208 trainin g runs
u
Cryo_Temp_1T_Mean Test Results
=
E £ T AN S A R é o
5 1] 1.
2 € g
. c
%
Bal . . . £,
P e T ; =, 1
RN —~— N\ —1 Intermediate shroud correlation 8 &
W 00 . - . - | 'S
5 RNl N P S . . o
v . 20,000 ROM iterations produced 4500 = g
wi —
© . oy Lt
g2 - solutions within +/- 1K across 10 2 g
v - @
B 1 T s . o
- different test cases &
20 T 5
1 2 3 4 6 7 B 9 10 E g
f - ' . . - . " . "
Test Case o i H i i L
. b 0,992 0.996 1.000 1.004 1.008
| ——|nt_Shroud_Temp_1 —=—Int_Shroud_Temp_2 =-- Correlation Goal |

Normalized Thermal Desktop ® Model Result
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(( Conclusion

VISIT WWW.VERITREK.COM FOR MORE INFORMATION, CASE STUDIES, AND PUBLICATIONS

Start your 30-day free trial of Veritrek
* Thermal Desktop 6.0+

* Send MAC address to Jacob.Moulton@redwirespace.com for a
license file and download link to the software

@REDWlREVER"REK( Www.Veritrek.com 21
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(( NASA Marshall: Lunar Lander

CUSTOMER SUCCESS STORY
Veritrek enabled sensitivity studies of a Lunar Lander cryo tank

Actual TD model and thermal data
not available for public release.

Engi
NEINCELaEs 3 Input Factors

less than g 1 Output Responses
have taken s ROM creation (<1 hour)

Heat Load Into Tank

Heat Load Into Tank

-10- 1 1 1

Vehicle_Z_Rotation  tank_e_star struts_k

m Screening Analysis Surface Plot Analysis
@REDW|REVER|TRE|« www.Veritrek.com 23



NASA Goddard: L'Ralph

CUSTOMER SUCCESS STORY

Veritrek’s correlatlon process prowded significant time savings

Veritrek identified multlple
solutions that meet
correlation criteria within

seconds. Analysts can now
visualize solution distributions oyt
to better select correlation ;
settings. NASA TFAWS 2021. ')

~¥ y

Run Na_. E:: LR_CorFai|LR_Emiss_|LR_Emiss_|LR_Ermiss_|LR_Estar_H LR
Hot IPP | HotiPP_ 13 0.83 0.8 083 0.15
Hat LEL. | HotLEIS. 13 0.83 0.8 03 0.5
Leweus .. | LewcPo.., 13 0.83 08 083 0.15
Hot IPE |HotiPP__. 13 oe2 0 083 015
Hot LEL. |HotLEIS...] 13 0.82 0.8 083 0.15
Lewtus .. | LewcPo.. 13 0.82 0.9 083 0.15
Hol IPP | HalIPP_.. 13 0.2 0.9 082 0.14
Hot LEL_ | HotlEIS.| 13 0Bz | 09 082 | o014
Lewcus ... | LeucPo... 13 0.82 0% 082 014
Hot IPP | HotiPP_, 13 0.85 0.8 083 0.13
Hot LEL. | HotLElS..| 13 0.85 ne 03 012
Lewcus ... | LeucPo.. 13 0.85 03 0.13

@REDWlRE VERITREK

Deterministic Variable

1400 -

1200 -
= 1000 -
800 -
600 -
400
200

Frequenc

IPP Estar

Indeterministic Variable

0

www.Veritrek.

400 -
350 -
EE—— 300 -
0.02 002 0.03 0.03 0.04 0.04 Z 250 |
§_200 |

2150 |

100 -

50

IPP Emissivity

0.40 0.48 056 064 072 0.80 More

TDA % 170 K

IPP ~ 245 K
MEB ~ 290 K
15 Input Factors

~70 Output Responses
125 training runs (~25 hours)

{{ PTE1 Mean Temperature - O X

PTE.1 Mean Temperature

ROM Prediction Result

2808 286 291.2 296.4

2756

Measured Thermal Desktop® Model Result

com 24




« NASA Goddard: EXCLAIM Thermal Design

CUSTOMER SUCCESS STORY

Veritrek provided key thermal design insight

Veritrek allowed engineers to perform temperature sensitivity studies and
determine the optimal component placement based on sensitivity results.

a5 ,
0,4 *0’;’ a!sé[’,o] ; | i i
%2 o | | -
< 2 00 5 P i
y 314 i
3131
c L s T T O TS ST +
3128 7
311+ | B I e B e St B B
W | | o
LN B o | | g
o s EEE . — S S SN SO SR S L SRS R SO S
od & | | 33 Input Fact
- | | | | put Factors
s N - | | :.
‘3os§ , 16 Output Responses
™ ¥ b T 7| 340training runs (~84 hours)
gy R 8 | R A I
03= '
3 g 5 P
, I S I O D N -~
0! i 3 | ER T O
06 0.4 x;\(a\"s\a\‘\o“ %; 2 1}‘:—: o3 i 3 .; é
Surface Plot Analysis m Screening Analysis

“Veritrek provided an in-depth understanding of the thermal design space in about 4 days, an effort that
would have taken more than a week using traditional approaches.” (Jim Fouquet, Giuseppe Cataldo)
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Sierra Nevada Corporation: Dream Chaser

CUSTOMER SUCCESS STORY

Veritrek enabled screening of many cases very quickly

Velgtrek provided
the team with
' quantitative data

and rationatle for

selecting design
solutions and
satisfying
requirements.

Actual TD model and ROM data not
available for public release.
Representative example shown
below.

Veritrek Results

oy e . 293.00
Traditional Results o I
1291.00
: i i : I Rul Col I
: g -~ Heatload 1000W:

292.5
Sweep 29004------+ 289.00
: @ 290
thrOUgh a % 287.5F - e e geggrat? a 287.00 g!
. 3 : 1 1 - 2
few discrete § aofio bt >00-point B0 g
pointsto % . re:pon.se 2830 § 20
IOcate 'E P SR SUSRNS N W SR SN o S S— surfacein d 281.00 %
. . i E ; : / i i fEW 275
minimaand s NG A q 10 0 Traditional A&
. ' ' : f ' ' . ’*“9
maxima. OO S S N S A S S S secondas s e, o’ro parametrlcsweegl o
025 050 075 100 125 150 175 200 228 s, 75 results %@35
Regenerator Area per Node [m*2] 275.00 Ded/ods ?.00 Y\e
//;,.‘?/

273.00
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